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ABSTRACT
The ex-nova RR Pic presents a periodic hump in its light curve which is considered to refer to its orbital
period. Analyzing all available epochs of these hump maxima in the literature, and combining them
with those from new light curves obtained in 2013 and 2014, we establish an unique cycle count scheme
valid during the past 50 years, and derive an ephemeris with the orbital period 0.145025959(15) days.
The O - C diagram of this linear ephemeris reveals systematic deviations which could have different
causes. One of them could be a light-travel-time effect caused by the presence of a hypothetical third
body near the star/brown dwarf mass limit, with an orbital period of the order of 70 years. We also
examine the difficulty of the problematic of detecting sub-stellar or planetary companions of close red-
dwarf white-dwarf binaries (including cataclysmic variables), and discuss other possible mechanisms
responsible for the observed deviations in O - C. For RR Pic, we propose strategies in order to solve
this question by new observations.
Keywords: Stars: variable — Stars: cataclysmic binaries
1. INTRODUCTION
Classical Novae comprise an important subclass of cataclysmic variables (CVs), characterized by a single observed out-
burst of large amplitude (typically between 9 a 15 mag) which is understood as a thermonuclear runaway explosion on
the surface of the white dwarf component. RR Pic is one of the brightest representatives of this class, erupting in 1925
and leaving a stellar remnant of about magnitude V ≈ 12 mag. Since ∼1960 several observers noticed a modulation
in the light curve of this remnant, with a period near 3.5 hours, which was confirmed by Vogt (1975) who presented
photometric observations and derived an ephemeris of this periodic “hump”, based on all data available at that time.
Later, this ephemeris was improved by Kubiak (1984) based on additional data. Time-resolved spectroscopic obser-
vations were published by Wyckoff & Wehinger (1977) and by Haefner & Betzenbichler (1991); their radial velocity
curves based on the dominant He ii (λ 4686A˚) emission line confirm that the photometric hump refers to the orbital
period. Additional tomographic studies of the spectral behaviour were published by Schmidtobreick et al. (2003) and
Ribeiro & Diaz (2006). Schmidtobreick et al. (2008) presented new time-resolved photometric data, confirming the
presence of the orbital hump and detecting, in addition, a superhump with a period excess of about 8.6% over the
orbital period.
Due to the large time gaps in the available observations previous authors were not able to determine a unique long-term
ephemeris of the orbital period. Now, the main gap (between 1982 and 2005) could partly be filled by unpublished
photometric observations in the CBA archive (kindly provided by J. Patterson and collaborators from the Centre for
Backyard Astrophysics). In addition, we analyze here recent new observations obtained by one of us (F.-J.H.) in 2013
and 2014. The aim of our present paper is to derive, for the first time, a unique ephemeris for the orbital hump of
RR Pic valid during the last five decades (section 2). In this context some systematic deviations in the O - C diagram
were detected which are discussed tentatively as light-travel-time effect in Section 3. In Sections 4 and 5 we compare
the third-body hypothesis of RR Pic with the actual situation of other known or suspected multiple stellar systems
(including binary star-planet configurations), mention possible alternative interpretations and add some conclusions.
2. NEW OBSERVATIONS AND DETERMINATION OF A LONG-TERM ORBITAL EPHEMERIS
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It was essential to obtain a significant amount of new time-resolved photometric data of RR Pic, in order to achieve a
unique way to count the cycles of the orbital humps. These observations were carried out at the Remote Observatory
Atacama Desert (ROAD), located in San Pedro de Atacama, Chile. This observatory contains a 40-cm telescope (f/6.8)
from Orion optics, England, and a camera with a Kodak 16803 CCD chip with 4k×4k pixels of 9 µm size provided
by Finger Lakes Instrumentation (FLI) (Hambsch 2012), operating in a robotic mode. RR Pic was observed in the
V band during a total of 36 nights, between 2013, February, 27 and April 1, and in 81 nights between 2013, Nov. 21
and 2014, March 15, with a typical time resolution between 2 and 3 minutes. Fig. 1 shows the mean light curve vs.
phase determined from all ROAD observations in 2013 and 2014. Similarities and differences of its shape, compared
to mean light curves at earlier epochs, is being discussed by Fuentes et al. 2016 in preparation.
The method to determine the individual epoch of each hump maximum in our new light curves was not very
sophisticated: Since a typical hump amplitude is between 0.2 and 0.3 mag we considered, in most cases, as the hump
maximum epoch the average time between the ascending and the descending branch of the hump light curve, at a
level about 0.1 mag below the maximal brightness. Only if a hump appeared rather asymmetric, with a pronounced
real maximal magnitude occurring before or after the mentioned symmetric hump, we took the average between “real”
and “symmetric” time as the hump maximum epoch. The same method for determining hump maximum timings was
used for light curves in publications (or unpublished data sets) which only are available in figures or as digital data.
If authors had determined and published hump maximum times, we used their values. It should be emphasized that
the the method of how to determine individual hump epochs does not influence significantly the long-term periodic
behaviour if any uncertainty in correctly counting the cycles can be avoided. The observed hump often is superimposed
by strong flickering which causes an unavoidable scatter in the O - C diagram, typically between 0.005 and 0.008 days in
the RR Pic data. The possible presence of superhumps does not affect the overall ephemeris because their amplitude is
about a factor 10 smaller than that of the orbital hump (Schmidtobreick et al. 2008; Fuentes et al. 2016 in preparation.
We have subdivided the data into 8 sets: Set A - C refer to Kubiak (1984) and references therein. Set B and C
contains also additional maximum epochs determined by us from figs. 1, 2, 3 and 4 in Warner (1986). These three
sets comprise the observations obtained between 1965 and 1982. Sets D, E and G refer to hump maxima obtained
from unpublished observations by Joe Patterson and collaborators at different observatories, obtained between 1999
and 2007 and collected in the data base of CBA (Centre for Backyard Astrophysics). The hump maxima in Set E
have been derived from fig. 1 of Schmidtobreick et al. (2008), obtained in 2005, while set H contains our recent ROAD
observations from 2013/14.
In spite of the large gaps between subsequent sets of observations, it was possible to determine a unique cycle counting
system. We performed linear least squares fits HJD vs E in several steps, first within each set, then combining adjacent
sets of hump maxima times, and derived a period value for sets A-C of 0.14502533(7) days and for D-H of 0.14502609(4)
days; finally, these both period values were sufficient accurate to bridge the large gap between sets C and D in a unique
way. This procedure led to the linear ephemeris
HJD(max.) = 2438815.3664(15)+ 0.145025959(15) · E (1)
with a standard deviation of 0.0079 days, based on a total of 203 hump maxima of RR Pic. Fig. 2 shows the mean O
- C values for each of the data sets A – H. Table 1 lists the total ranges in E, the mean O - C values and their errors
together with the corresponding references. A parabolic least-squares fit over the same 203 hump maximum epochs
reveals
HJD(max.) = 2438815.3769(22)+ 0.145025500(73) · E + (32± 5) · 10−13 · E2 (2)
(standard deviation 0.0072 days). A table with all 203 epochs E and their HJD values of hump maxima is given the
on-line data annex.
The parabolic term in equation 2, which is significant at ∼6σ level, indicates a changing period. However, this fact
crucially depends on the negative mean O - C value of set C from the linear ephemeris 1. Set C contains a total
of 19 hump maximum observations from three different sources: 9 of them are maximum timing values published
by Haefner & Metz (1982) and other 4 values were published by Kubiak (1984); the remaining 6 maximum timings
have been determined by us from the light curves of Warner (1986). Therefore, there are three independent sources
coinciding in rather strongly negative O - C values at the epoch of set C, reinforcing the validity of the period change
reported here.
The epochs listed in Table 1 cover in total more than 49 years; the initial epoch coincides with the end of the
recovery from the nova outburst. We have extracted all visual observations published in the AAVSO archive for these
five decades. A linear least squares fit through these data reveals that RR Pic was declining in visual brightness at a
The orbital ephemeris of the classical nova RR Pictoris 3
Figure 1. All ROAD observations from 2013 and 2014 vs. phase of the ephemeris (1).
mean rate of (1.89 ± 0.07)·10−5 mag/day or about 0.34 mag in the 50-year time interval. This can be compared to
other classical novae: Johnson et al. (2014) determined a decline rate of 0.44 ± 0.04 mag per century for Nova Aquilae
1918 (V 603 Aql).
Table 1. Mean (O− C) deviations of the hump maxima in each of
the 8 sets of observations at different epochs, based on ephemeris
(1). Each set is characterized by its first (Estart) and last (Eend)
hump maximum epoch. N is the number of single hump observa-
tions in each set, σ(O− C) the mean errors of the mean O - C
deviations.
Set N Estart Eend (O− C) σ(O− C) Ref.
10−4d 10−4d
A 7 0 10041 +105.0 9.6 1
B 16 19590 26969 +59.8 17.4 1, 2
C 19 37513 44395 -95.8 14.7 1, 2
D 19 85479 90685 -38.1 17.2 4a
E 20 100394 100552 +1.3 10.6 4b
F 12 100632 101052 -37.3 11.0 3
G 8 105490 105634 +6.3 14.5 4c
H 102 120862 123531 +12.3 7.3 5
References— (1) Kubiak 1984 and references therein ; (2) Warner 1986; (3) Schmidtobreick et al. 2008; (4a) CBA, priv.
commun. Set1; (4b) CBA, priv. commun. Set2 (4c) CBA, priv. commun. Set3, (5) new ROAD observations
3. POSSIBLE INTERPRETATION AS LIGHT-TRAVEL-TIME EFFECT AND PROPERTIES OF A
HYPOTHETICAL THIRD BODY
In Fig.2 (upper panel) we present an O - C diagram based on ephemeris 1, corresponding to the mean values listed in
Table 1. Apparently, the orbital period of RR Pic during the last five decades was not constant. In the first 18 years
(sets A, B and C, E < 50000) the period value was smaller than the overall average, and after the gap without any
available observations the period was larger in set D – H (E > 85000). This general trend is confirmed by the parabolic
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Figure 2. Upper panel: The averaged O - C deviations vs. mean E of the hump maximum epochs according to ephemeris (1)
for each data set A – H according to Table 1. The vertical bars refer to the errors of the mean O - C values while the horizontal
bars mark the ranges in E for each data set. The green curve refers to the third-body model described in the text and in Table
2. Lower panel: Residuals from the model O - C curve.
Table 2. Model parameters of the hypothetic third body in RR Pic.
Orbital period around the CV RR Pic P3 = 66.7 ± 2.5 yrs
Third body mass M3 = 0.258 ± 0.023 M⊙
Mean distance to the CV RR Pic a = 19.25 ± 0.46 AU
Orbital inclination i = 90◦ adopted
Orbital eccentricity e = 0.8357 adopted
Argument of periastron ω= 179.7◦ adopted
Julian date of the periastron passage Tp = 2442827 ± 283 d
fit 2 which reveals a tendency of an increasing period. One of the possible interpretations would be the presence of a
third body, in an eccentric orbit, causing a light-travel-time effect on the periodic hump behaviour of the ex-nova RR
Pic. We are aware that the presently available data do not prove this hypothesis, but we would like to present here a
first estimation of possible parameters of such a hypothetical companion, and give predictions for future observations,
in order to prove or to refute this hypothesis.
For a rough estimation of possible parameters of the third body we use the Monte-Carlo Markow Chain (MCMC)
code described in more detail in Hardy et al. (2015) for deriving possible orbital parameters of a third body around
an eclipsing binary system from O - C observations. We fitted the O - C distribution listed in Table 1 and used a
fixed value for sum of the masses of the primary and secondary components of the CV RR Pic, i.e. M1 + M2 = 1.35
solar masses, based on M1 = 0.95 M⊙ and M2 = 0.4 M⊙, according to Haefner & Metz (1982). First, we determined
appropriate values of the argument of periastron ω and the orbital inclination i. Then we performed calculations with
different trial values of the eccentricity e and found a minimum in the residuals. The corresponding model parameters
are given in Table 2. The model is presented in Fig. 2 as a line, and the residuals are also shown in the lower panel
of Fig. 2.
Apparently, the observations presented here do not cover an entire orbital revolution of the third body; its mass
corresponds to a mid-M dwarf. The error ranges listed in Table 2 do not include the uncertainty in the mass of the
CV RR Pic.
The distance of RR Pic has been determined applying astrometry with the HST by Harrison et al. (2013), revealing
a parallax of 1.92 ± 0.18 mas which corresponds to 521 ± 50 pc. At this distance the maximal projected mean angular
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distance between the CV RR Pic and the third body would be of the order of 40 mas, just below the limit for a
direct detection via imaging. For instance, the low mass stellar companions of young members of the Cha star-forming
regions could be detected with the VLT and NACO at projected distances down to 50 mas, depending also on the
magnitude difference between host star and companion (Vogt et al. 2012). In RR Pic this difference is probably ≥
3 mag in the K band. This is just on the limit of the Sparse Aperture Masking (SAM) interferometric technology
applied at NACO/VLT in the Paranal observatory (Lacour et al. 2011). On the other hand, since the hypothetical
third body is moving on a rather eccentric orbit its projected angular distance could vary strongly and increase its
value at certain phases, facilitating a direct imaging detection.
An astrometric detection of the movement of the CV RR Pic around the center of mass of the triple system should
be possible, using similar techniques as those of Harrison et al. (2013), after observing the field for decades. From the
large mass ratio between the CV and the third body, the γ radial velocity of the CV RR Pic is expected to vary in the
range ≤ 2 km/s at time scales of decades, probably difficult to detect due to the natural variability in the CV spectrum,
especially its accretion disc. On the other hand, at a mass ratio of M1/M2 ≈ 2.4, for the CV RR Pic, and based on
its radial velocity semi amplitude 120 km/s ≤ K1 ≤ 170 km/s (Haefner & Betzenbichler 1991; Schmidtobreick et al.
2003) we expect K2 ≈ 350 km/s for the secondary star in RR Pic. If the secondary star and the third body would be of
similar luminosity at infrared wave lengths and if their spectrum could be observed, we would expect a superposition
of two late type star lines or bands, one of them stationary, the other one showing rather strong Doppler shifts with
the orbital phase of the CV RR Pic. However, K-band spectroscopy by Harrison et al. (2005) found that the accretion
disc still contributes about 80% to the flux even in that wavelength range. While their data suggest the presence of
CO absorption features from the secondary star, they appear too weak to be of much use for this purpose even using
high-resolution spectroscopy.
4. COMPARISON TO PCEBs AND DISCUSSION OF ALTERNATIVES INTERPRETATIONS
During the last years eclipse timing variations have been identified in nine eclipsing post-common-envelope binary
stars (PCEBs) and three polars (AM Her type CVs) (Zorotovic & Schreiber 2013). The most frequently published
interpretation for this phenomenon is the presence of one or two circumbinary sub-stellar objects orbiting the host
compact binary system. In this section we review possible light-travel-time effects in PCEBs, compared to other
explanations of period variations, and apply them to our new results on RR Pic.
Support for the third body interpretation of apparent period changes comes mostly from the detached PCEB NN Ser.
Marsh et al. (2014) and Beuermann et al. (2013) have shown that new high precision eclipse timing measurements are
still in agreement with the two-planet model for NN Ser proposed by Beuermann et al. (2010). In addition, alternative
explanations can be excluded for NN Ser. As shown by Brinkworth et al. (2006), the M-dwarf companion in NN Ser
does not provide the required energy to drive the period variations via Applegate’s mechanism, i.e. modulations by
the gravitational coupling of the orbit to variations in the shape of a magnetically active star in the system (Applegate
1992). In addition, the timing data for the secondary eclipses in NN Ser follow the same trend seen in the primary
eclipse times, ruling out apsidal precession as a possible cause for the variations (Parsons et al. 2014).
However, NN Ser remains an exception. In other PCEBs with timing variations the situation is quite different,
because there are often serious problems with the third body model. First, some suggested planetary systems turned out
to be dynamically unstable (Hinse et al. 2012) and others drastically disagreed with more recent high precision eclipse
timings (Parsons et al. 2010). Second, Hardy et al. (2015) observed the eclipsing PCEB V471 Tau with SPHERE
aiming for a detection of the claimed circumbinary brown dwarf but did not detect it despite clearly reaching the
required contrast. Thus, despite the quite convincing case NN Ser, it might well be that an alternative and so far
unknown mechanism is driving the eclipse timing variations in PCEBs and perhaps also in RR Pic.
In the case of the planets around PCEBs, if they exist at all, the origin of the orbiting third bodies, remains unclear.
The hypothetical third objects must have either survived the common envelope (CE) evolution of the host binary star
or they must have formed following the common envelope phase in a second generation scenario (Perets 2010). Both
scenarios are far from straightforward. If the third objects formed with the binary stars, it remains to be explained
why virtually all PCEBs with good timing coverage show variations (Zorotovic & Schreiber 2013) while only 1-3 per
cent of main sequence binaries host giant planets (Welsh et al. 2012). If, on the other hand, the third objects formed
from the mass ejected during common envelope evolution, the formation process needs to be very fast as some of the
primary white dwarfs have cooling ages less than a million year (e.g. NN Ser). This is very short compared to the &
4 Myr predicted by the core accretion model for giant planet formation and would require gravitational instabilities
in a second generation disk as proposed by Schleicher & Dreizler (2014). This second generation planet formation
idea is supported by the recent finding of Hardy et al. (2016) who detected cold dust around NN Ser with ALMA and
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concluded that it is most likely material left over from common envelope evolution.
In summary, the third body model does so far not provide a convincing general explanation for the observed period
variations in compact binary stars. Its main strengths are the fact that is seems to work well for NN Ser and that we
do not have an alternative explanation. However, as stated in Marsh et al. (2014), the latter may well mean that we
have just not been clever enough yet.
The situation for RR Pic is different to the eclipse timing variations previously reported in PCEBs and CVs because
we find that a stellar third object is required to drive the large amplitude variations we see in RR Pic. Therefore, it
is clear that the third object cannot have formed from material remaining bound to the central binary following CE
evolution. Instead, the third star must have formed together with the central binary and survived the CE evolution of
the central objects. As hierarchical triple systems represent a rather frequent configuration of main sequence stars, this
scenario appears to be reasonable for RR Pic. In fact, given that (Tokovinin 2014a,b) and Lohr et al. (2015) estimate
the higher order multiplicity fraction among binaries to be approximately one quarter, CVs with stellar companions
at wide separations should be expected to exist and RR Pic might be the first convincing candidate for such systems.
This interpretation is also consistent with the large eccentricity required to fit the O - C diagram of RR Pic. As
the mass loss during CE evolution is supposed to be very fast (e.g. Webbink 2008, Zorotovic et al. 2010), it can be
considered as adiabatic and one would expect a significant increase in eccentricity for the orbit of the third body.
While the third body hypothesis appears a reasonable explanation for the timing variations in RR Pic, existing
alternative explanations for PCEBs clearly fail to drive period variations as strong as those of RR Pic. The energy
required to generate period changes of about 1000 seconds via the Applegate mechanism clearly exceeds the energy
available in the secondary star (see Parsons et al. 2010 for details). Apsidal motion can be excluded as well as the
eccentricity required to explain timing variations of 1000 seconds for the parameters of RR Pic is ∼ 0.1 (using equation
2 of Barlow et al. 2012). Such a high eccentricity can be clearly excluded for old short orbital period systems such as
CVs. A possible alternative scenario that might only apply to CVs is related to the nature of RRPic as a post nova. In
order to explain the white dwarf mass problem in CVs (Zorotovic et al. 2011), it has been suggested that classical nova
eruptions may in some cases cause significant frictional angular momentum loss (Schreiber et al. 2016; Nelemans et al.
2016). In principal, strong additional angular momentum loss following the nova eruption could explain the observed
O - C diagram. The steep decline the O - C shows during the first ∼ 15 years of data could be part of a parabolic
term that has been caused by strong angular momentum loss. The fact that the shell has still been detected 70 years
after the eruption and the expansion velocity was rather slow (Gill & O’Brien 1998) may support this idea because
slower expansion velocities are expected to generate stronger frictional angular momentum loss (Schenker et al. 1998).
However, given that our oldest data has been taken ∼ 40 years after the nova eruption, the possible connection between
the nova eruption and the observed O - C variations remains speculative.
5. CONCLUSIONS: THIRD BODIES IN CVS?
Based on a rather stable periodic orbital hump in the light curve of RR Pic between 1965 and 2014, we present a unique
and precise ephemeris, valid for these five decades. In addition, we detected rather strong orbital period variations.
In particular, there is a significant difference between the mean period valid in 1965–1982, and that afterwards, in
the sense of an increasing period value during the total time interval of five decades covered. As one of the possible
interpretations of these period variations we propose a light-travel-time effect and estimate that it could be caused by
a hypothetic late M type companion with M3 = 0.26 ± 0.02 solar masses, completing an eccentric orbit around the
CV RR Pic in ≈ 67 years at a mean distance from the CV of ≈19 AU.
Among the CVs, only for the three eclipsing polars planetary candidates have been reported: UZ For (Potter et al.
2011), HU Aqr (Schwope et al. 2011) and DP Leo (Beuermann et al. 2011). Reports on triple systems in other CVs,
also involving stars and/or brown dwarf components, are very rare. To our knowledge, there are only two candidates for
such triple systems with CV components: the first case is FS Aur, a dwarf nova and intermediate polar (Neustroev et al.
2013). For this star, a long-term modulation in its light curve with a period of ≈ 900 days was detected and interpreted
by means of the interaction with a third body of a mass between 25 and 64 times that of Jupiter (Chavez et al. 2012).
All these four cases have ultra-short orbital periods (<0.088 d). The second case of a possible triple system is FH Leo,
a wide visual binary consisting on two F/G type main sequence stars, at an angular separation of about 8 seconds of
arc. HIPPARCOS had detected some possible flares without resolving the binary. Vogt (2006) suggested that these
could be caused by a SU UMa type dwarf nova orbiting around one of the two double star components. The latter
two cases, which do not involve light-travel-time effect, are rather hypothetic, without a stringent confirmation.
We would like to emphasize that our interpretation of the long-term O - C diagram of RR Pic, if confirmed, would
imply, for the first time, the detection of a cataclysmic binary with a third stellar companion, and also the first
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candidate for a triple system CV above the period gap between 2 and 3 hours. In addition, the case RR Pic would be
the first application of the light-travel-time method in a non-eclipsing binary system. This was only possible because
the amplitude of this effect, in case of a stellar companion, is about one order of magnitude larger than for planetary
companions. Finally, RR Pic would be the first non-magnetic CV in a triple system. Therefore, we believe that it could
be important to present these results in spite of the rather hypothetical character of our interpretation. It remains an
open question why just RR Pic seems to be a record holder in so many respects, in spite of its rather normal behaviour
as a non-magnetic CV. There are many other CVs with orbital hump light curves, and well defined eclipses, especially
those with separate ingress and egress eclipse phases of the white dwarf, as present in Z Cha, OY Car and HT Cas
among others. Does none of them possess a third body? Perhaps a re-analysis of the available data on eclipsing CVs
might result in further discoveries.
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1999 - 2007 available to us. This research was supported by grant FONDECYT 1120338 (CT, NV) and DIUV 38/2011
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